Water stress restricts crop yields in both the arid and semi-arid zones of the world. The responses of sweet corn (Zea mays) to irrigation frequency and sowing patterns were studied in the field from December 2005 to December 2006. This research was laid out in split plot, with water quantity as main plot and sowing patterns as subplot in three replications. The treatments consisted of two irrigation times (6 and 10 days) and six levels of planting patterns (full irrigation in single row, changeable alternative irrigation in single row, full irrigation in double row, changeable alternative irrigation in double row, fixed alternative irrigation in single row and fixed alternative irrigation in double row pattern). The results show that, both biomass and stem fresh weight was affected by irrigation regimes, with normal irrigation treatments accounting for the highest. The effect of sowing patterns on all measured traits were significant at 1% level with the exception of plant height, ear depth, number of seeds/ear row and number of seeds/row. The results further demonstrate that water consumption in alternative furrow irrigation trait was worthwhile (35%) in contrast with control treatment. Although, the degree of decline in yield when compared with the control group was 3.4 and 5.2%, respectively, it was not statistically significant. The practice of alternative furrow irrigation may be recommended as a suitable farming method in northern Iran due to the benefits associated with it in terms of weeds reduction and providing soil ventilation.
INTRODUCTION
Water stress occurs when the demand for water exceeds the available amount during a certain period or when poor quality restricts its use. Plants adapt to water deficits by many different mechanisms including changes in morphology, altered patterns of development as well as a range of physiological and biochemical processes. The general response of plants to salinity is obvious in their growth reduction (Romero et al., 2001; Ghoulam et al., 2002) . Water scarcity and low quality of soil and water resources are factors associated with loss of production *Corresponding author. E-mail: alireza_sa70@yahoo.com. Tel: 0060176182847. Fax: +981713359813. in arid and semi arid regions. In this condition, application of deficit irrigation is the most important alternative for decreasing detrimental effects arising from water shortage. However, producers should pay particular attention to selecting the appropriate species to meet their need (Qureshi et al., 2007) . Various irrigation strategies have been adopted by farmers in the arid and semiarid regions, but none have proved to be sufficient to achieve the required return for production of sweet corn. Information is therefore, required on the growth and yield responses of sweet corn to variable water inputs. More studies are also needed to have a better understanding of planting management of the crop. Hence, the objective of this study was to determine the effects of irrigation treatments on the growth, yield and water use efficiency (WUE) of sweet corn on an alluvial soil in a semiarid environment.
MATERIALS AND METHODS
A field experiment was conducted in 2006 at Gorgan Agricultural Research Centre, Northern Iran. The experiment was laid out in a randomized complete block design arranged in split plot with water quantity as main plot and water sowing patterns as subplot in three replications (Figure 1) . The experiment consisted of 12 treatments outlined as follows: two levels of irrigation water [I1 = normal irrigation (every 6 days as control), I2 = irrigation stress (every 10 days)] and six levels of planting patterns (P1 = full irrigation in single row, P2= changeable alternative irrigation in single row, P3= full irrigation in double row, P3 = changeable alternative irrigation in double row, P5= fixed alternative irrigation in single row and P6= fixed alternative irrigation in double row). The amount of water required for the irrigation of each treatment was calculated using the following equation as outlined by Muhammad et al. (2008) :
Where, V = volume of water to be applied (mm); A = plot area = ‫ח‬r 2 .
Where, SMD = sSoil moisture deficit; ). The distance between furrows was 75 cm and the space among bush's on the furrow double row arrangement was 20 cm. Soil pH, Ca, Mg, Na, electrical conductivity (EC), cation exchange capacity (CEC), organic carbon (OC), field capacity (FC) and permanent welting point (PWP) were measured before and after the completion of the experiment. Data were analyzed using SAS by the proc. GLM procedure.
RESULTS AND DISCUSSION
The results show that, deficit irrigation affects total biomass, stem fresh weight and ear length. The planting pattern was found to affect the ear height, plant height, total biomass, ear length, grain weight, husked fresh weight, ear cob weight and ear weight of the sweet corn (Table 1) . Also, the results show that ear height, grain weight and ear weight, husked fresh weight, stem fresh weight, leaf fresh weight, cob weight and stem diameter effects under planting patterns and deficit irrigation and with changing planting pattern from single row to double row, above the studied parameters increased (Tables 1  and 2 ). When irrigation was delayed from normal to four days stress, the yields and yield components were found to decrease (Table 3) . Biomass and ear weight are two important parameters in sweet corn. The best time for harvesting ear is between the doughing and milking stages to properly conserve the green shrub used as forage. The interaction effects elucidated further yields and yield components obtained from the control treatment, with the highest biomass and ear yield produced , respectively. It can be concluded that, the use of double row planting pattern and changing arrangement of water consumption will be decreased due to shading and decrease amount of evaporate. Therefore, WUE will be increased (Table 3) . Similar results were reported by Graterol et al. (1993) and Shazhong et al. (2000) .
Crop productivity in semiarid environments largely depends on water availability. Growth and dry matter accumulation of sweet corn decreased as soil water deficits developed. Rosenthal et al. (1987) reports ad-verse effects on stem height, cumulative leaf area, leaf area indices and biomass production of sorghum as soil water deficits developed. Water deficits also affected total number of leaves, rates of individual leaf emergence from the whorl, leaf extension and senescence of sorghum (Arkin et al., 1983) . All of these components are significant in determining the leaf surface area for assimilate production and transpiration. Data from this study show that sweet corn yield was significantly increased (9456 kgha -1 ) with light and more frequent irrigation (six-days full irrigation in double row). Similar results were obtained by Abdel (1982) for the same crop grown on salt-affected soils in the same region. In this study, the WUEs obtained for the lightly and frequently watered sweet corn plants were higher than those reported by Abdel (1982) for the same variety in northern Sudan. Although, larger volumes of water were used in this investigation than in the two previous studies, the higher WUEs obtained here may have been due to the enhancement of dry matter yields by irrigation. Plants adapt to water deficits by many different mechanisms including changes in morphology, altered patterns of development as well as a range of physiological and biochemical processes (Sinaki et al., 2004) . Optimum use of agricultural water requires field research, which considers legal and water use patterns in each region. In order to reach this objective, field data such as crop yield, different levels of irrigation, water and irrigation management is necessary. Deficit irrigation is an effective method for alleviation of drought impacts on crop yield. It also save considerable amount of water without significant effect on crop yields (Macon et al., 2002) . The impact of different sorghum density on stresses under good water quality produced similar trend to the impact of salinity under low density (Ould Ahmed et al., 2007) . Water potential, relative water content, root and shoot growth declined with the severity of the water deficit (Sinaki et al., 2004) .
Study of crop response to water stress, planting arrangement and long-term effects of distributing water in soil profile are necessary. The heavily and infrequently watered sweet corn plants were found to reduce dry matter, LAIs and biomass accumulation. This, nevertheless, was found to increase WUEs. It is therefore, recommended that in semiarid environments (saving water is very crucial or important), sweet corn should be watered heavily and infrequently to get high WUEs (6.58). Irr. Re. = Irrigation regime; P. P. = planting pattern. ns,* and **respectively are; non significant, significant at 5% level and significant at 1% level table. Means followed by the same letter in each column are not significantly different at 5% level by LSD's. This is in contrast to Saeed and El-Nadi (2004) who suggested using light frequency to get high WUEs. Our result also supports the previous work of Abdel Magid (1982) who reported decreased dry matter yield of forage sorghum using infrequent irrigation. Dry matter yields found in our study were comparable to those found by Ferraris and Charles-Edwards (1986) for forage sorghum in Australia. Thus, the following recommendations are given to enhance sweet corn production with respect to water stress management: (1) competitive potential of sweet corn on the early seedling growth and growth stages should be identified; (2) relative water stress and physiological responses of sweet corn cultivars should be explained. It is worthy to note that, comprehensive monitoring of growth and physiological parameters have rarely been used to select plants with better yields in water deficit environment.
Conclusion
Overall findings show that deficit irrigation affects the growth and quantity of sweet corn. The results reveal that, water consumption in treatments with the alternative furrow irrigation was statistically significant (p ˂ 0.01) when compared with the control conditions. In addition, although the degree of the decline in terms of yield in comparison to the control group was 3.4 and 5.2%, respectively, it exhibited no statistical significance. Since adoption of alternative furrow irrigation in the north of Iran tends to cause weed reduction, soil ventilation, low energy consumption, fair wear and tear of machinery and increase in WUE, this type of irrigation is recommended as a suitable method.
